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Description 

Related References: This application is a divisional 
application of EPO-application No. 0 386 051. 

This invention relates to processes for detecting 
coliform bacteria, and more specifically has reference 
to processes for such detection in products for human 
consumption which operate in a sufficiently rapid time 
as to allow treatment of the product before such con- 
sumption, if needed. 

It has long been recognized that the quality of prod- 
ucts for human consumption can be significantly affect- 
ed by the presence of pathogenic microorganisms. 
Such products include drinking water, bathing water, 
food, food preparatbn equipment, and, in general, any 
vector which the microorganisms may use to invade the 
human body. If present in sufficient numbers, such mi- 
croorganisms can cause product deterioration or spoil- 
age, disease, and significant economic loss. However, 
conventional processes for detecting such microorgan- 
isms in such products generally require twenty-four to 
seventy-two hours to complete. This elapsed time is 
generally too great to provide information about a de- 
crease in product quality in time to take remedial meas- 
ures. 

Total coliform (TC) bacteria are those normally 
present in the colon or intestine of humans or animals. 
Fecal coliform (FC) bacteria are those TC bacteria 
which are generally present in the feces of humans or 
animals. 

The two former groups (TC and FC) are indicators 
of sanitary quality. A process for their detection is con- 
ventionally considered to be "rapid' if it takes less than 
twenty-four hours to perform. 

Recent development in rapid processes for use in 
water analyses are presented in Part 919, pp. 
1031-1033, Standard Methods for the Examination of 
Water and Wastewater (APHA, 1985). They are gener- 
ally not rapid enough to detect a hygienically significant 
concentration of microorganisms within the ordinary 
work shift of eight hours. 

The prior art includes processes tor detecting colif- 
orm microorganisms and quantifying the concentration 
thereof by detecting and quantifying the enzymes which 
the microorganisms give off as they metabolize. The en- 
zyme in turn is detected and quantified by Its ability to 
cleave certain chemicals, known as fluorogenic sub- 
strates, into products. At least one of these products, 
the fluorescent portion, fluoresces; that is, it emits light 
at one wavelength when irradiated with light of a differ- 
ent wavelength. The fluorogenic substrate, however, 
does not fluoresce. The presence of fluorescence there- 
fore indicates the presence of bacteria. See, e.g., Findl 
et al, U.S. Patent No. 4,242,447. 

An example of the aforementioned fluorogenic sub- 
strates are 4-methylumbelliferone (4-MU) compounds. 
The 4-methylumbelliferone product fluoresces upon ex- 
citation with a light with a wavelength of about 365 nm 



to emit a light with a wavelength of about 465 nm. MU 
derivatives have been used in the prior art. Snyder et 
al., AppI. Environ. Microbiol.. 51 (5): 969-977 (1986); 
Feng et al, AppI. Environ. Microbiol. . 43 (6): 1 320-1 329 

s (1 982); and Koumura et al., U.S. Patent No. 4,591 ,554. 
The Koumura et al patent discloses a method for 
detecting microorganisms in a sample by means of flu- 
orescence analysis of umbelliferone derivatives. In the 
method, microorganisms are incubated with a solution 

10 containing lactose and a non-fluorescent umbelliferone 
derivative until a fluorescent umbelliferone derivative is 
liberated which in turn is measured and related to the 
number of microorganisms In the solution. The dis- 
closed microbial inspection can be carried out within one 

IS to twelve hours (line 44, col. 2) if the solution contains 
10^ microorganisms per ml (lines 44-49 and 62-64, col. 
3). Cells may be ruptured to release the fluorescent moi- 
ety. For solutions having fewer than 10* organisms/ml, 
the disclosure suggests culturing the solution with a nu- 

20 trient medium for one to twelve hours to increase the 
organism ooncentratbn above 10* cells/ml. Additional- 
ly, the solution of microbial cells could be increased to 
the 10* cell/ml minimum by concentrating the solution. 
The Koumura et al. reference cites a wide range of 

25 temperatures (10° to 60°C) and times (10 minutes to 6 
hours) at which to incubate the mixture. However, in 
none of the examples cited in the Koumura et al. refer- 
ence was the umbelliferone incubation time less than 
one hour. In an example (Example 5) representative of 

30 those involving coliform bacteria, after one hour of Incu- 
bation with an umbelliferone derivative, the only sample 
producing detectable amounts of 4-MU, contained 4 X 
10* cells/10 ml, i.e. 4 X 10^ cells/ml (Table 6; one hour 
cultivation period). 

3S The Koumura et al. reference relies on intracellular 
enzymes but teaches that sensitivity of the method 
could be Increased several times by rupturing (lysing) 
the microbial cells prior to exposure to umbelliferone 
(lines 65-68, col. 3; lines 1-5, col. 4). The Koumura et 

40 al. reference also discloses a method in which cell num- 
bers are propagated as an inherent aspect of the meth- 
od, for example, increasing as much as fourfold after 
one hour of incubation (Table 6). 

The Koumura et al. reference does not disclose a 

45 method in which coliform bacteria can be f luorometrical- 
ly quantitatively detected from suspensions having few- 
er than about 10* cells/ml (Col. 3, lines 62-64 and col. 
4, lines 10-12). The Koumura et al. reference does not 
disclose a method effective in less than one hour. 

50 Dorn, in U.S. Patent No. 3,928,139, discloses a 
method of rapid quantitative detection of microbial path- 
ogens in a sample fluid by concentrating the pathogens 
in the fluid in a liquid filtering medium placed under cen- 
trifugation. The liquid filter medium into which the path- 

55 ogens pass can be added to nutrient media for culturing. 
'Fluorescence' can be measured by measuring the 
amount of fluorescence after a given incubation time, or 
by measuring the incubation time needed to obtain a giv- 
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en amount of fluorescence. Processes which do this 
generally take enough time for the microorganisms to 
multiply exponentially through several generations. 
There is, therefore, an exponentially larger amount of 
fluorescence available to be measured at the end of the 
incubation period, whether that period is fixed or varia- 
ble. 

"Fluorescence" can also be measured by frequently 
sampling the amount of fluorescence during the first part 
of the incubation period, and calculating therefrom the 
fluorescence velocity; that is, the time rate of change in 
the amount of fluorescence. Processes which do this 
generally do not take enough time for the microorgan- 
isms to multiply exponentially through several genera- 
tions. Instead, such processes rely on the tendency of 
the microorganisms which are initially present to pro- 
duce the same amount of enzyme during each sample 
period, thereby causing a linearly increasing amount of 
fluorescence. See Snyder et al., above. 

Such rapid processes have many benefits. First, 
they are, by definition, more rapid than those which wait 
several generations. Second, their accuracy is good, for 
two reasons. One, they measure current activity of the 
initially present microorganisms, rather than having to. 
make deductions from measurements of the activity of 
microorganisms several generations later. Two. they 
generate multiple data points, a situation which lends 
itself well to linear regression analysis, rather than gen- 
erating the single datum produced by the slower proc- 
esses. Third, the linearity of the data points (or lack of 
it) is an indicator of the accuracy of the measurement. 

Such rapid processes have a drawback as well. The 
microorganisms must be concentrated enough to pro- 
duce a measurable amount of fluorescence velocity in 
less than a generation. When further concentration is 
not practical, means must be found which enhance the 
per-organism fluorescence velocity. 

It is therefore an object of the present invention to 
provide a process which enhances the per-organIsm flu- 
orescence velocity of an enzymatic measurement of a 
dilute sample of coliform microorganisms in a product 
for human consumption. 

It is a further object of the present invention to en- 
hance such velocity while using 4-methylumbelliferone 
as the fluorescent product. 

The Invention comprises a process for assaying liv- 
ing coliform bacteria in a liquid or liquified sample for 
human consumption having a bacterial concentration as 
low as one bacterium per 100 milliliters, and in a time of 
at least six hours, the process comprising: concentrating 
the microorganisms on a filter, contacting the microor- 
ganisms with an actuating medium, incubating and irra- 
diating the mixture, characterized in 

(a) concentrating the bacteria upon a filter having 
pores sufficiently small to retain the bacteria; 

(b) placing the filter and bacteria held thereby 
against a culture medium in a container, the culture 



medium comprising: 

(1 ) a nutrient for supporting metabolism and re- 
production of the bacteria; 
s (2) a production agent for inducing the produc- 

tion of an enzyme in said bacteria when the 
bacteria are metabolizing; 

(3) a fluorogenic substrate for reacting with the 
enzyme to release 4-methylumbelliferone from 

10 the fluorogenic substrate; and 

(4) sodium lauryl sulphate effective in enhanc- 
ing fluorescence; 

(c) incubating the culture medium, filter and bacteria 
IS under conditions whbh allow, during the period of 

incubation: 

(1) metabolism and reproduction of the bacte- 
ria, 

20 (2) production of the enzyme, 

(3) reaction of the enzyme with the fluorogenic 
substrate, and 

(4) release of sufficient of 4-methylumbellifer- 
one from the fluorogenic substrate from each 

25 single bacterium and its descendants to form a 

visible mk:rocolony under fluorescent condi- 
tions; 

(d) irradiating the microcolonies with light of a wave- 
30 length sufficiently close to that of an excitation 

wavelength characteristic of the fluorescent portion, 
and sufficiently intense, as to cause the microcolo- 
nies to fluoresce; and 

(e) counting the number of fluorescent microcolo- 
35 nies. 

In a preferred embodiment, the production agent 
comprises lactose, the permeability agent comprises 
sodium lauryl sulfate, and the fluorescent portion 

40 4-methylumbelliferone, is caused to fluoresce with emit- 
ted light of a wavelength of about 465 nm by being ex- 
cited with light of a wavelength of about 365 nm. 

In a preferred embodiment an alkaline solution is 
added to the microcolonies at the end of the incubation 

45 period, thereby enhancing fluorescence and facilitating 
counting; and the substance against which the filter and 
microorganisms is placed comprises agar The remain- 
der of the preferred embodiment of this second embod- 
iment is the same as the remainder of the preferred em- 

so bodiment of the first embodiment, and detects the same 
microorganisms. 

BRIEF DESCRIPTION OF THE DFIAWINGS 

ss The above and other important features of the 
present Invention will be better understood from the fol- 
lowing detailed description, made with reference to the 
following drawings, in which: 
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FIG. 1 is a graph showing fluorescence productton 
by conform bacteria in drinking water contaminated 
with raw sewage (solid circles), with the addition of 
lactose (open circles), and with the addition of so- 
dium lauryl sulfate (triangles); 
FIG. 2 is a graph correlating fluorescence velocity 
with total coliform concentration, with error bars in- 
dicating the range obtained when replicate samples 
(open circles) are Incubated from one original sam- 
ple; 

FIG. 3 is a graph similar to FIG. 2, except that it cor- 
relates fluorescence velocity with fecal coliform 
concentration rather than with total coliform con- 
centration; 

FIG. 4 is a photograph of the agar of the second 
embodiment, showing individually fluorescing mi- 
crocolon ies; 

FIG. 5 is a graph correlating measurements ob- 
tained from the agar process with comparable 
measurements obtained from the conventional M 
7h FC process. 

The present Invention makes use of the enzyme ac- 
tivity in the coliform group of bacteria to detect their pres- 
ence and to quantify them. Enzymes unique to a group 
of microorganisms can be further used to identify the 
group to the exclusion of others present In the sample. 

Specifically, the present Invention uses enzyme ac- 
tivity as determined by the detection of IVIU-derived en- 
zyme products to detect and quantify the coliform group 
of bacteria. 

As noted above, the coliform group includes the to- 
tal conforms (TC) and the fecal conforms (FC). These 
are considered indicators of the sanitary quality of food, 
water, or process equipment; that is, their presence is 
generally thought to indicate contamination by fecal ma- 
terial. The coliform group constituents possess the en- 
zyme p-D-galactosidase. The present invention detects 
this enzyme by the use of 4-MU-p-D-galactoslde in the 
presence of known selective ingredients to exclude the 
activity and presence of any other p-D-galactosidase 
positive non-coliforms. TC and FC are differentiated on 
the basis of temperature: TC are detected at 35°C; and 
FC are detected at 41 .S^C. 

The general procedure for the detection of TC or FC 
activity in the present invention is as follows: 

(a) the sample is concentrated by passing it through 
a membrane filter (0.2 \xm to 0.80 jam pore size); 

(b) the microorganisms which are retained with the 

filter are aseptically placed in contact with a sterile 
medium containing the appropriate 4-MU-sub- 
strate; and 

(c) the resulting fluorescence is measured and uti- 
lized as the rate of production of fluorescent product 
In the liquid medium associated with the sample de- 
termined at regular intervals over about fifteen min- 
utes using a fluorescence detecting meter. 



TC are detected in the manner described above by 

incubation of the sample plus 4-MU-p-D-ga!actoside at 
35°C, whereas FC are detected by like incubation at 
41.5^ 

s The Invention Is Illustrated by the following exam- 
ples. 

EXAMPLE 1 

10 Total coliform (TC) bacteria were analyzed in the fol- 
lowing manner. Natural populations of conforms were 
obtained from a river (NIdelven, Trondheim. Norway) re- 
ceiving sewage effluent and from fresh raw domestic 
sewage. Samples were collected daily for experiments 

IS and diluted in tap water In varying concentratbns to 
model drinking water with fecal colifomi (FC) and non- 
specific heterotrophic plate count (HPC) bacterial con- 
tamination. Concentration of coliforms ranged from 
1/100 ml to 10000/100 ml as indicated in FIG. 2. 

20 500 ml of a water sample were filtered through a 
0.45 pore size 47 mm diameter membrane filter (Mil- 
lipore) and aseptically placed in a 250 ml flask contain- 
ing 1 8 ml of sterile buffered actuating medium. (The 500 
ml sample size was chosen as the maximum volume of 

25 surface water of turbidity < 5 NTU that could be filtered 
In a short period of time). The medium consisted of 
phosphate buffered saline (PBS; pH 7.3), 0.02% sodium 
lauryl sulfate (Sigma Chemical Co., St. Louis, Missouri), 
0.56% nutrient broth (Difco Laboratories, Detroit, Mich- 

30 igan), and 0.35% lactose. One of the fluorogenic sub- 
strates was added to each flask and to a sterile control 
flask containing the sterile medium, then placed In a 
shaking water bath. 4-methylumbelllferone-p-D-galac- 
toside (4-MU-p-D-galact08ide) was added at a concen- 

35 tration equal to 0.05 mg/ml. 

The samples were incubated at 35**C for determin- 
ing TC activity, and at 41 .5°C for determining FC activity. 
Flasks were removed from the bath and placed In a fluo- 
rimeter (Tumer Model 111) every five minutes for thirty 

40 minutes to measure the initial fluorescence velocity. The 
excitation and emission wavelengths for methylumbel- 
liferone are about 365 and 465 nm using light filters 7-60 
and 2A-f47B respectively. Fluorescence velocity was 
determined by least squares linear regression. 

45 The rapid fluorescence processes were compared 
with the conventional enumeration techniques de- 
scribed below. Heterotrophic plate count (HPC) bacteria 
were recovered on SPC (Difco) or R2A agar and count- 
ed after three days incubation at 20'^C. Total coliform 

so (TC) bacteria were assayed with the membrane filtration 
technique using m-ENDO agar (Difco) and incubated for 
twenty-four hours at 35° C. The seven hour and standard 
twenty-four hour membrane filtration processes (APHA, 
1 985) were used to recover fecal coliform (FC) at 41 .5°C 

55 and TC at 35^C respectively. Peptone (0. 1 %) was used 
for all serial dilutions. All assays were done according 
to Standard methods (APHA, 1985). 

Production of methylumbelliferone from 4-MU-p-D- 
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galactoslde by coliform bacteria in drinking water con- 
taminated with raw sewage (solid circles) is shown in 
FIG. 1 . Addition of lactose enhanced induction of p-D- 
galactosidase (open circles). 

Addition of sodium lauryl sulfate, a common selec- 
tive ingredient for colrforms, further enhanced activity 
(triangles). Enzyme assay temperature was 35**C. 

The addition of lactose and sodium lauryl sulfate to 
the medium enhanced galactosidase activity. The spe- 
cificity of MU-galactoside for members of the coliform 
group was tested by pretreating water samples with 
common inhibitors employed in coliform media (Stand- 
ard Methods, 1 985). Most of the activity was retained 
after pretreatment suggesting that the galactosidase ac- 
tivity was attributable to the coliform group as defined 
by the conditions of the assay. Replacement of sodium 
lauryl sulfate by the selective agents used in mT7h me- 
dium, polyethylene ether WU-1 and tergltol 7 did not en- 
hance activity (data not shown). Linearity of the rate of 
product formation was generally high, r = .99 for most 
assays. Therefore the duration of the assay in the re- 
maining experiments was decreased from 120 minutes 
to 30 minutes, although 15 minutes was sufficient. 

FIG. 2 shows the correlation between initial rate of 
hydrolysis of 4-MU-p-galactoside, as measured by initial 
fluorescence velocity, and the concentration of total col- 
iform bacteria derived from raw sewage and mixed in 
drinking water. Enzyme assay temperature was 35**C. 
Error bars associated with open circles represent the 
range of fluorescence velocity obtained when replicate 
samples (5 < n < 8) are incubated from one original sam- 
ple. 

EXAMPLE 2 

Fecal coliform (FG) bacteria were determined in the 
same manner as in Example 1 except that an incubation 
temperature equal to 41 .5*^0 was used. 

.The results are shown in FIG. 3. Initial rate of hy- 
drolysis of 4-MU-p-D-galactoside by fecal coliform bac- 
teria derived from raw sewage and mixed in drinking wa- 
ter, as measured by Initial fluorescence velocity, is com- 
pared with fecal coliform bacterial concentration. En- 
zyme assay temperature was 41 .5'*C. Error bars asso- 
ciated with open circles have the same meaning as in 
FIG. 2. 

EXAMPLE 3 

This example demonstrates direct counting of FG. 
Concentrations of FC < 100/100 ml were analyzed by 
direct counting. Water samples were filtered and placed 
on a solid or at least semi-solid substance, namely M 
7h FG agar (Standard Methods . 1985) lacking the pH 
indicators and d-mannitol but containing 4-MU-|3-D-ga- 
lactoside. Fluorescent galactosidase positive microcol- 
onles were visible after six hours incubation at 41.5°C 
with a 366 nm long wave ultraviolet light source (UVL- 



56, Ultraviolet Products, San Gabriel, California). The 
addition of 0.2 ml of an alkaline solution, namely 0.1 N 
NaOH, after the incubation period increased the fluores- 
cence and facilitated counting. 

5 FIG . 4 shows an example of the appearance of the 
microcotonles after six hours of Incubatbn. FIG. 5 com- 
pares concentrations as measured by the agar direct 
counting process with concentrations measured by the 
conventional M 7h FC process. Pluses represent raw 

10 sewage contaminated drinking water stored at 1 5°C and 
sampled after twenty-four to seventy-two hours for col- 
ifomris, and solid circles represent river water samples. 
The dashed line represents the ideal correlation, and is 
not fit to the data. The average ratio of MU 6h MF to M 

IS 7h FC was 1 .21 to 1 for thirty-four samples. 

Sixty-two fluorescing colonies randomly selected 
from three experiments showed 100% confirnnation as 
FC by gas production in lauryl tryptose broth incubated 
at 35"C for twenty-four hours and in EC broth incubated 

20 at 44'*C for twenty-four hours. In all experiments HPC 
concentrations ranged from 300/ml to 50.000/ml. 



Claims 

25 

1. A process for assaying living coliform bacteria in a 
liquid or liquefied sample of product for human con- 
sumption having a bacterial concentration as low as 
one bacterium per 100 milliliters, and in a time of at 
30 least six hours, the process comprising: concentrat- 
ing the microorganisms on a filter, contacting the mi- 
croorganisms with an actuating medium incubating 
and Irradiating the mixture, characterized in 

3S (a) concentrating the bacteria upon a filter hav- 

ing pores sufficiently small to retain the bacte- 
ria; 

(b) placing the filter and bacteria held thereby 
against a culture medium in a container, the cul- 

40 ture medium comprising: 

(1) a nutrient for supporting metabolism 
and reproduction of the bacteria, 

(2) a production agent for inducing the pro- 
4S duction of an enzyme in savd bacteria when 

the bacteria are metabolizing, 

(3) a fluorogenic substrate for reacting with 
the enzyme to release 4-methylumbellifer- 
one from the fluorogenic substrate, and 

so (4) sodium lauryl sulphate effective In en- 

hancing fluorescence; 

(c) incubating the culture medium, filter, and 
bacteria under conditions which allow, during 

ss the perkxj of incubation: 

(1) metabolism and reproduction of the 
bacteria. 
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2. 



3. 



4. 



5. 



6. 



7. 



8. 



(2) production of the enzyme, 

(3) reaction of the enzyme with the fluoro- 
genic substrate, and 

(4) release of sufficient of 4-methylumbel- 
lif erone from the f luorogenic substrate from 
each single bacterium and its descendants 
to form a visible microcolony under fluores- 
cent conditions; 

(d) irradiating the microcotonies with light of a 
wavelength sufficiently close to that of an exci- 
tation wavelength characteristic of the fluores- 
cent portion, and sufficiently intense, as to 
cause the microcobnies to fluoresce; and 

(e) counting the number of fluorescent micro- 
colonies. 



The process according to one or more of claims 1 -3, 
wherein in the step of placing the filter and the bac- 
teria on the substance, the production agent is lac- 
tose, the enzyme is B-D-galactosidase; the fluores- 
cent substrate is 4-methylumbelliferone-B-D-galac- 
toside, the culture medium against which the filter 
and bacteria is placed is agar and the fluorescent 
portion is caused to fluoresce with emitted light of 
a wavelength of about 465 nm by being excited with 
light of a wavelength of about 365 nm. 

The process according to one or more of claims 1 -4, 
wherein the bacteria are total conforms and the in- 
cubation temperature is about 35°C. 



The method according to one or more of claims 1 -7, 
wherein in the step of concentrating the bacteria up- 
on a filter, the filter has pore sizes in a range of from 
0.2 )im to 0.80 )im in diameter. 
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A process according to claim 1 , wherein the culture 
medium comprises a nutrient for supporting metab- 
olism and reproduction of the bacteria on the filter. 20 



The process according to claim 1 and/or 2, wherein 
the step of incubating further comprises adding an 
alkaline solution to the microcolonles at the end of 
the incubation period, whereby fluorescence is fur- 
ther enhanced for facilitating counting. 



25 



30 



35 



40 



The process according to one or more of claims 1 -4, 
wherein the bacteria are fecal conforms and the In- 
cubation temperature is about 41 .5**C. ^ 

The process according to one or more of claims 1 -6, 
wherein the incubation step is carried out by using 
a water bath. 



so 



ss 



PatentansprQche 

1. Verfahren zum Nachweis lebender coliformer Bak- 
terien in einer Flussigkeit oder einer verflussiglen 
Probe eines fur den menschlichen Verzehr be- 
stlmmten Produkts mit einer bakteriellen Konzen- 
tration bis herab zu einem Bakterium pro 100 Milli- 
liter und in einer Zeit von mindestens 6 Stunden, 
wobei das Verfahren umfaBt: Konzentrierung der 
Mikroorganlsmen auf einem Filter, Inkontaktbrin- 
gen der Mikroorganlsmen mit einem Startmedium, 
Inkubieren und Bestrahlen der Mischung, gekenn- 
zeichnet durch 

(a) Konzentrieren der Bakterlen auf einem Fil- 
ter, dessen Poren genugend klein slnd, um die 
Bakterlen zuruckzuhalten; 

(b) Legen des Filters und der darauf festgehal- 
tenen Bakterlen gegen ein Kulturmedium in ei- 
nem Behaiter, wobei das Kulturmedium um- 
fa3t: 

(1) einen Nahrstoff zur UnterstOtzung des 
Metabolismus und der Reproduktion der 
Bakterlen, 

(2) ein Produktionsagens fur das induzie- 
ren der Produktion eines Enzyms in den 
Bakterlen, wenn die Bakterlen metabolisle- 

ren, 

(3) ein fluoreszenzerzeugendes Substrat 
zur Reaktion mit dem Enzym, um aus dem 
fluoreszenzerzeugenden Substrat 4-Me- 
thytumbelliferon freizusetzen, und 

(4) Natriumlaurylsulfat, das zur Steigerung 
der Fiuoreszenz wirksam ist; 

(c) Inkubieren des Kulturmediums, des Filters 
und der Bakterlen unter Bedingungen, die wah- 
rend der Inkubatbnsperiode ermoglbhen: 

(1) Metabolismus und Reproduktion der 
Bakterlen, 

(2) Produktion des Enzyms. 

(3) Reaktion des Enzyms mit dem fluores- 
zenzerzeugenden Substrat und 

(4) Freigabe von genugend 4-Methylum- 
beliiferon aus dem fluoreszenzerzeugen- 
den Substrat von jedem einzelnen Bakte- 
rium und seinen Abkdmmlingen, um unter 
Fluoreszenzbedingungen eine sk;htbare 
Mikrokolonie zu forme n; 

(d) Bestrahlung der Mikrokolonien mit Licht ei- 
ner Weilenlange, die ausreichend nahe derje- 
nigen einer fur den fluoreszierenden Teil cha- 
rakteristischen Weilenlange ist und genugend 
intensiv, um die Mikrokolonien zum Fluoreszie- 
ren zu veranlassen; und 
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(e) Zahlen der Anzahl der fluoreszierenden Mi- 
krokolonien. 

2. Verfahren nach Anspruch 1 , bei dem das Kulturme- 
dium einen Nahrstoff zur Unterstutzung des Meta- 
bolism us und der Reproduktbn der Bakterien auf 

dem Filter aufweist. 

3. Verfahren nach Anspruch 1 und/oder 2, bei dem der 
Inkubationsschritt des welteren die Hinzutugung el- 
ner alkalischen Losung zu den Mikrokolonien am 
Ende der Inkubationsperiode aufweist, wodurch die 
Fluoreszenz zur Erieichterung des Zahlens welter 
gesteigert wird. 

4. Verfahren nach einem Oder mehreren der AnsprO- 
che 1 bis 3, bei dem belm Schritt des Legens des 
Filters und der Bakterien auf die Substanz das Pro- 
duktlonsagens Lactose 1st, das Enzym B-D-Galac- 
tosidase ist, das fluoreszierende Substrat 4-Methy- 
iumbelllferon-B-D-GalactosId Ist, das Kutturmedl- 
um, gegen das der Filter und die Bakterien gelegt 
sind, Agar ist und der fluoreszierende Tellzum Fluo* 
reszleren mlt emittlertem Licht einer wellenlange 
von etwa 465 nm veranlaBt wird, indem es mit Licht 
einer Wellenlange von etwa 365 nm erregt wird. 

5. Verfahren nach etnem Oder mehreren der Anspru- 

che 1 bis 4, wobei die Bakterien Gesamtcoliforme 
sind und die Inkubationstemperatur etwa 35°C be- 
tragt. 

6. Verfahren nach einem oder mehreren der AnsprQ- 
che 1 bis 4, wobei die Bakterien Fakalcollforme sind 
und die Inkubationstemperatur etwa 41,5'^ C be- 
tragt. 

7. Verfahren nach einem oder mehreren der AnsprQ- 
che 1 bis 6, bei dem der Inkubationsschrrtt durch 
Verwendung eines Wasserbades ausgefOhrt wird. 

8. Verfahren nach einem Oder mehreren der Anspru- 
che 1 bis 7, bei dem wahrend des Schrltts des Kon- 
zentrieres der Bakterien auf einem Fitter der Filter 
PorengroSen besitzt, deren Durchmesser in einem 
Bereich von 0,2 ^m bis 0,80 )xm liegen. 

Revendications 

1. Proc6d6 de dosage de bact6ries coliformes vivan- 
tes dans un ^chantillon Itquide ou Itqu6fi6 d'un pro- 
duit destine k la consommation humaine ayant une 
concentration en bact6rie aussi petite que une bac- 
t^rie par 100 millilitres, et en une durde d'au molns 
six heures, le proc6d6 consistant : k concentre r les 
micro-organ ismes sur un f litre, k mettre les micro- 
organ ism es en contact avec un agent actuateur, k 



faire incuber et k soumettre le melange k un rayon- 
nement, caract^risd en ce qu'il consiste : 

(a) k concentrer les bactdries sur un f litre ayant 
5 des pores suffisamment petits pour retenir les 

bact^ries, 

(b) k placer le filtre et les bact^ries qui y sont 
retenues contre un milieu de culture dans un 
recipient, le milieu de culture comprenant : 

10 

(1 ) un agent nutritif destine k favoriser le 
mdtabolisme et la reproduction des bact6- 

ries, 

(2) un agent de production destine k indui- 
15 re la production d'une enzyme dans les 

bactdrles quand elles se mdtabolisent. 

(3) un substrat fluorog^ne destine k r^agir 
sur I'enzymepour Iib6rerde Ia4-m6thylum- 
belliferone du substrat fluorog^ne, 

20 (4) du laurylsulfate de sodium propre k 

augmenter la fluorescence, 

(c) k faire incuber le milieu de culture, le filtre 
et les bact^ries dans des conditions qui permet- 

2S tent pendant la dur6e d'incubatbn : 

(1) le m6tabolisme et la reproduction des 
bactdrles, 

(2) la production de I'enzyme, 
30 (3) la reaction de I'enzyme sur le substrat 

fluorogdne, 

(4) la Iib6ratk)n de suffisamment de 4-m6- 
thylumbelliferone du substrat fluorog^ne k 
partir de chaque bact^rie unique et de ses 

35 descendants pour former une micro-colo- 

nie visible dans des conditions de fluores- 
cence, 

(d) k exposer les micro-colonies k de la lumi^re 
40 d'une longueur d'onde suffisamment proche de 

celle d'une longueur d'onde d'excitation carac- 
t^rlstique de la partie fluorescente et suffisam- 
ment Intense pour faire que les micro-colonies 
solent ftuorescentes, 
^5 (e) k compter le nombre de micro-colonies fluo- 

rescentes. 

2. Proc6d6 suivant la revendication 1 , dans iequel le 
milieu de culture comprend un agent nutritif pour fa- 

so voriser le metabolisms et la reproduction des bac- 
t^ries sur le filtre. 

3. Proc6d6 suivant la revendication 1 et/ou 2, dans Ie- 
quel le stade d'incubation comprend en outre I'ad- 

ss dition d'une solution alcaline aux micro-colonies k 
la fin de la dur6e d'incubation, ce qui augmente en- 
core la fluorescence en vue de faciliter le comptage. 
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4. Proc^dd suivant Tune ou plusieurs des revendica- 
tions 1^3, dans lequel, dans le stade ou I'on place 
le filtre et ies bact^ries sur la substance, I'agent de 
prcxiuction est le lactose, Tenzyme est la B-D- 
galactosidase ; le substrat fluorescent est le 4-m6* s 
thylunribelliferone-B-D-galactoside, le milieu de cul- 
ture contre lequel le filtre et Ies bact6ries sent pla- 
ces est la g^lose et la partie fluorescente est exclt^e 

de mani^re ci Stre fluorescente avec Emission d'une 
lumi^re d'une longueur d'onde de 465 nm environ io 
en 6\anX exclt6e par de la Iumi6re d'une longueur 
d'onde de 365 nm environ. 

5. Proc^d^ suivant I'une ou plusieurs des revendica- 
tion 1 k 4, dans lequel Ies bact^ries sont des coli- 
formes totaux et la temperature d'Incubation est de 
35" C environ. 

6. Proc6d6 suivant I'une ou plusieurs des revendica- 
tions 1^4, dans lequel Ies bact^ries sont des coli- 20 
formes f 6caux et la temperature d'Incubation est de 

41 ,5*0 environ. 

7. Proc6d6 suivant I'une ou plusieurs des revendica- 
tions 1 k 6, dans lequel on effectue le stade d'incu- 2S 
batlon en utilisant un bain-marie. 

8. Proc6d6 suivant I'une des revendications 1^7, 
dans lequel dans le stade de concentration des bac- 
t6ries sur un filtre, le filtre a des dimensions de po- 30 
res allant de 0,2 ^m k 0,80 pm en diamdtre. 
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FIG. 3. 
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